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The Structure of Flux Tubes in Maximal Abelian Gauge 
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Various field strength correlators are investigated in the maximal abelian projection of pure SU(2) lattice gauge 
theory. High precision measurements of the colour fields, monopole currents, their curl and divergence allow for 
detailed checks of the dual superconductor scenario. A further decomposition of abelian observables into monopole 
and photon parts reveals that the fiux tube is built up from the monopole part alone. 



1. INTRODUCTION 

Almost 20 years ago, 't Hooft and Mandelstam 
proposed the dual superconductor scenario of 
confinement: it is believed that at low temper- 
ature magnetic monopoles condense and thus, 
chromo electric flux is expelled from the QCD 
vacuum, analogous to a type II superconductor. 
This leads to the formation of thin electric flux 
tubes between colour charges and thus to a lin- 
early rising potential, explaining confinement. In 
view of both, making genuinely non perturbative 
aspects of QCD accessible to analytical treatment 
and understanding how confinement arises, it is 
worthwhile to investigate to what extent QCD re- 
produces expectations from the Ginzburg-Landau 
(GL) equations, and to fix their relevant parame- 
ters. Pioneering steps in this direction have been 
made in Refs. |T]|]. 

In nonabelian theories, the definition of fields 
and currents becomes ambiguous, 't Hooft sug- 
gested the maximal abelian gauge as a renormal- 
izable gauge condition for projecting out a Car- 
tan subgroup, believed to be relevant for infra 
red aspects of QCD (abelian dominance) . In this 
investigation, we follow these lines. Previously, 
the abelian string tension has been found to re- 
produce the nonabelian one within 8% |§. A 
further decomposition of the abelian Wilson loop 
into photon and monopole parts 1^ shows that 



the monopole part accounts exclusively for the 
string tension j6|Q| . Here we extend these studies 
to the level of field distributions. 

2. SIMULATION 

We investigate a 32^ lattice at f3 = 2.5115, corre- 
sponding to a lattice spacing a ~ 0.086 fm, where 
the scale has been set from the string tension 
value ^/k = 440 MeV. A careful study of system- 
atic errors introduced by incomplete gauge fixing 
and optimisation of the gauge fixing procedure 
are crucial for obtaining reliable results. We take 
measurements on 108 independent abelian config- 
urations, generated in the context of Ref. ji) . In 
the limit of large T, we measure connected corre- 
lation functions [Q, 
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By varying x, we scan through the space around 
two static sources, separated by a distance Ra. 
Depending on the type of the local probe O, dis- 
tributions of E, B, V+ A E, V" A V+ A E, J„ 
and V~ A Jm are obtained. W denotes a smeared 
Wilson loop, which is either built up from abelian 
link angles or from the regular (photon) or the 
singular (monopole) contributions to these angles 
alone, according to the approximate factorisation 
of Ref. [|. 
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Figure 1. Abelian action density: full distribu- 
tion, monopole and photon contributions, respec- 
tively. 

3. MONOPOLE CONTRIBUTION 

It has been demonstrated previously that the 
abelian potential approximately factorises into a 
monopole and a photon contribution Here, 
we investigate this factorisation on the level of 
the underlying field distributions. In Fig. |l| the 
situation is depicted for the action density, a = 
1/2(E^ — B^). In accord with naive expectations, 
the string is entirely due to the monopole part, 
whereas the effect of the photon part is localised 
in the vicinity of the sources^. 

database of colour images can be accessed via anony- 
mous ftp from wptsO.physik.uni-wuppertal.de. The com- 
pressed .rgb and .ps files are deposited in the directory 
/pub/MAcolorflux. 



4. DUAL SUPERCONDUCTIVITY 

We choose the coordinates such that the colour 
sources lie on the z-axis at positions z — ±r/2 
with r = Ra. x±_ = {x^ + y^Y^"^ denotes the 
transverse distance from the interquark string. 
A combination of Ampere's law V A E = 
with the London equation A + A^J^ = yields 
Ez(x\_) - A^A^i5z(a;_L) = ^mS^{x\_). We expect 
the analytical solution, 

= ^MxJX), (2) 

to hold in the London limit which should be real- 
ized at sufficiently large r and x±. For T > 6, we 
find all our data on V+ A E and 3m to be in per- 
fect agreement with Ampere's law and proceed to 
fit in the central plane (z = 0) to Eq. as a 
test of the validity of the London equation. 



Table 1 

Fits of i?z at i? = 8 according to Eq. (||) . 
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Figure 2. Fit of E, to Eq. (|) (for i? = 10). 
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Results for various fit ranges are summarised 
in Table |^ for the example R = 8. For x± > 
0.3 fm, the fit parameters become stable and the 
X^-values reasonable. One such fit (for R = 10) is 
displayed in Fig. ||. For all distances, we obtain 
penetration lengths of A « 0.15 fm. The value 
of the external magnetic flux $m is determined 
by the magnetic charge of the objects, into which 
the monopoles condense. Assuming the London 
limit to apply we find « 2. 

We proceed to compare the small x± data di- 
rectly to the expectation from dual GL equations 
that relate the vector potential A, to the mag- 
netic monopole current Jm- The GL wave func- 
tion ?/) = V'oo/(a;±)e*^ and its coherence length ^ 
enter the scenario. / approaches zero as a;_L 0. 
The London limit corresponds to /(xx) = 1. This 
is the asymptotic value as — > oo. The ansatz 
f{xi_) = tanh(i^r/^) approximately solves the 
nonlinear GL equations for these boundary con- 
ditions. A small- a; expansion yields v = -^/B/S. 
We determine the vector potential by numerically 
integrating the electric field. 



XI. Jo 

Subsequently, this data is fitted to, 

A2 , . 
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with parameters ^m, ^ and A. Jm,0 is a 
parametrisation fitted to the angular component 
of the measured magnetic monopole current. 

Table 2 



All data are well described by the fits. Re- 
sults for the example R = 8, corresponding to a 
source separation r « 0.7 fm, are summarised in 
Table |. The quality of the fit for T = 6 is visu- 
alised in Fig. H The difference between the f — I 
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Figure 3. Gheck of Eq. (|) for i? = 8, T = 6. The 
f{x) = 1 curve corresponds to the London limit. 

curve and the data indicates to what extent we 
are probing surface effects. The results on the 
penetration length nicely agree with results from 
Eq. (||). A plateau in ^ is reached for T > 5. 
However, the value for is not saturated yet; 
we obtain a lower limit, < 1.4. The ratio, 
\/i — 0.89(2) turns out to be definitely larger 
than the critical value l/-\/2, i.e. the SU(2) ap- 
pears to act like a type II superconductor js) . 
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